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Abstract
Objective: To examine associations of changes in dietary intake with education in
young black and white men and women.
Design: The Coronary Artery Risk Development in Young Adults (CARDIA) study, a
multi-centre population-based prospective study. Dietary intake data at baseline and
year 7 were obtained from an extensive nutritionist-administered diet history
questionnaire with 700 items developed for CARDIA.
Setting: Participants were recruited in 1985–1986 from four sites: Birmingham,
Alabama; Chicago, Illinois; Minneapolis, Minnesota; and Oakland, California.
Subjects: Participants were from a general community sample of 703 black men (BM),
1006 black women (BW), 963 white men (WM) and 1054 white women (WW) who
were aged 18–30 years at baseline. Analyses here include data for baseline (1985–
1986) and year 7 (1992–1993).
Results: Most changes in dietary intake were observed among those with high
education ($12 years) at both examinations. There was a significant decrease in
intake of energy from saturated fat and cholesterol and a significant increase in energy
from starch for each race–gender group (P , 0.001). Regardless of education, taste
was considered an important influence on food choice.
Conclusion: The inverse relationship of education with changes in saturated fat and
cholesterol intakes suggests that national public health campaigns may have a greater





Epidemiological studies have reported an inverse
association between socio-economic status (SES) and risk
of coronary heart disease (CHD)1–3. Most investigators
have used a cross-sectional design to investigate the
association between diet and CHD risk factors4 – 6;
however, some of these studies lack data from different
race and gender groups7–9. Lifestyle habits formed at a
young age, such as dietary intake, have consequences on
health that may be long-term10. These lifestyle habits are
often influenced by educational attainment11, one of the
key markers of SES. Education is often the measure of
choice because it is easy to quantify and more stable over
time than other SES factors such as occupation and
income12. Education also has an impact on exposure to
public health messages.
In the present paper, we report (1) the associations of
education with changes in dietary intake and habits
among the bi-ethnic cohort of young adult men and
women in the Coronary Artery Risk Development in
Young Adults (CARDIA) study; and (2) factors that
influence dietary intake by education level.
Methods
CARDIA is a prospective, multi-centre study investigating
the evolution of cardiovascular disease risk factors in
young black and white men and women. Participants,
aged 18–30 years, were recruited in 1985–1986 from four
sites: Birmingham, Alabama; Chicago, Illinois; Minneapo-
lis, Minnesota; and Oakland, California13. All procedures
were conducted in accordance with CARDIA protocols
approved by the institutional review boards at each centre,
with signed informed consent forms being obtained from
the participants14 –17. Data for these analyses were
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obtained during examinations at baseline (1985–1986)
and year 7 (1992–1993; retention rate 81%). At baseline,
5115 participants were recruited. This analysis includes
only those with complete dietary and educational data for
both baseline and year 7: 703 black men (BM), 1006 black
women (BW), 963 white men (WM) and 1054 white
women (WW). Excluded from the analyses are those with
missing dietary or education data at baseline or year 7
(n ¼ 1180); those with extreme values for energy intake
(#3.3 MJ day21 or $33.3 MJ day21 for men and
#2.5 MJ day21 or $25 MJ day21 for women) (n ¼ 171);
participants who changed gender (n ¼ 2); and those with
any errors in reported years of education (n ¼ 36). The
minimum and maximum cut-offs of reported energy
intake account for under- or overreporting of habitual
energy intake, below or above which a person may not be
able to function in a normal lifestyle18. This report includes
a total of 3726 participants.
Dietary intake data at both examinations were obtained
from an extensive nutritionist-administered diet history
questionnaire developed for the CARDIA study19. The
CARDIA diet history tool was modelled after the Burke
method20 and is similar in organisation to the diet history
tools used in the Western Electric Study21. Validity and
quality control issues concerning administration of the diet
history questionnaire have been described previously22,23.
In brief, the history was validated in a cohort of 128
participants demographically similar to those in the
CARDIA study. The correlations between mean daily
nutrient intakes from the CARDIA Diet History and
means from seven random 24-hour recalls were usually
above 0.5023.
Participants were asked to recall their usual dietary
intake using the prior month as the time frame.
Participants reported on the frequency, amount and
method of food preparation for each food item reported
during this period. Approximately 700 items were
included to improve the ability to assess dietary intakes
in various populations and ethnic groups.
Specific nutrients analysed for this report include total
fat, saturated fat (SFA), polyunsaturated fat (PUFA),
monounsaturated fat (MUFA), protein, total carbo-
hydrate, sucrose, starch and dietary cholesterol. Nutri-
ents were calculated from reported food items using the
University of Minnesota Nutrition Coordinating Center
Nutrient Database tapes 10 (baseline) and 20 (year 7)24.
For dietary analyses, nutrient densities (% energy) were
used for all macronutrients and dietary cholesterol was
calculated as mg/1000 kcal (4 MJ). Additionally, at year 7,
participants were asked to rank how much certain
factors influenced their choice of food. They were
instructed to use 1 for the most important factor that
influenced their food choice, 2 for the second most
important, and so on. The choices listed on the
questionnaire were cost, taste, nutritional quality,
philosophical/religious beliefs, convenience, and other.
Data on years of completed education were obtained
at baseline and year 7 using an interviewer-administered
questionnaire.
Repeated measures analysis of variance was used to
compare dietary intake at baseline to dietary intake at year
7 for three educational groups: ,12 years of education at
baseline and year 7; $12 years of education at baseline
and year 7; and ,12 years of education at baseline and
$12 years of education at year 7. All models were age-
adjusted using the PROC MIXED procedure from SAS
statistical software. For analyses that assessed the
relationship between years of education and factors
influencing food choices, education at year 7 was
categorised as ,12 years, 12 years, 13–15 years and
.16 years. The percentage of participants who gave a
score of 1 as the most important factor influencing food
choices was calculated. Version 8.0 of the SAS software
package (SAS Institute, Cary, NC, USA) was used for all
analyses.
Results
Among those with,12 years of education at baseline and
year 7, there were very few significant changes in
macronutrient intakes. BW with low education had a
significant increase in energy intake from PUFA (P , 0.01)
but also a significant decrease in cholesterol intake
(P , 0.001). WM with low education had significant
increases in energy from PUFA and starch (Table 1).
Most dietary changes occurred among persons whose
education levels were high ($12 years at baseline and
year 7) (Table 1). Total energy increased among all race–
gender groups, significantly so for BW (P , 0.01) and WW
(P , 0.001). Percentage of energy from total fat declined
significantly among WM and WW (P , 0.001), but
increased slightly among BM. Percentage of energy from
SFA declined significantly among all race–gender groups
(P , 0.001). MUFA intake declined significantly among
WM and WW (P , 0.001) but increased among BM
(P , 0.01). Energy from PUFA increased among BM, BW
and WM (P , 0.001). Dietary cholesterol levels decreased
significantly in all groups (P , 0.001) and starch intake
increased significantly in all groups (P , 0.001). Among
three of the race–gender groups, BW, WM and WW, there
was a significant increase in carbohydrate intake
(P , 0.01). Intake of energy from sucrose decreased
among BM (P , 0.01) and BW, while it increased among
WW (P , 0.001).
Among those who had ,12 years of education at
baseline but$12 years of education by year 7, there was a
significant increase in energy from PUFA (P , 0.05)
among BM, BW and WM (Table 1). WW had a decrease
in energy from total fat whereas BW had an increase.
Three of the race–gender groups had a decrease in energy
from SFA that was significant for WW (P , 0.05). Intake of
energy from dietary cholesterol declined significantly
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for both BM and WM (from 192.6 to 141.7 and from 155.0
to 107.6 mg/1000 kcal, respectively).
Overall, a majority of the participants rated ‘taste’ as the
most important factor for food choice. Among all
race–gender groups, more participants with a college-
level or higher education ($16 years of education) rated
nutritional quality as a very important factor influencing
food than did those with lower educational attainment
Table 1 Age-adjusted means (standard error) of dietary factors at CARDIA baseline and year 7 examinations, by education level
Years of education
,12 $12 ,12 $12
Baseline Year 7 Baseline Year 7 Baseline Year 7
Energy (MJ)
BM 15.3 (0.85) 16.6 (0.98) 14.5 (0.25) 14.9 (0.25) 16.3 (0.93) 16.4 (1.02)
BW 11.4 (0.70) 10.7 (0.59) 9.8 (0.15) 10.3 (0.15)* 10.3 (0.65) 11.3 (0.68)
WM 17.2 (1.15) 15.9 (1.00) 13.3 (0.16) 13.1 (0.16) 15.3 (1.09) 16.6 (1.31)
WW 10.6 (0.83) 10.4 (0.89) 8.7 (0.10) 9.3 (0.10)*** 9.2 (0.79) 9.1 (0.68)
Total fat (% of energy)
BM 38.2 (0.83) 39.3 (1.08) 37.8 (0.22) 38.3 (0.28) 38.0 (0.92) 39.0 (1.38)
BW 38.1 (0.95) 39.6 (0.99) 37.3 (0.19) 37.1 (0.25) 36.6 (0.86) 39.1 (1.00)*
WM 38.0 (1.04) 38.2 (1.03) 37.4 (0.18) 35.4 (0.22)*** 34.9 (1.11) 35.5 (1.69)
WW 34.9 (1.87) 36.5 (1.54) 36.2 (0.19) 32.8 (0.23)*** 37.0 (1.09) 33.8 (1.16)*
SFA (% of energy)
BM 14.6 (0.33) 14.1 (0.42) 14.3 (0.11) 13.1 (0.11)*** 14.8 (0.58) 13.8 (0.59)
BW 14.1 (0.42) 13.5 (0.35) 13.8 (0.09) 12.5 (1.00)*** 13.6 (0.51) 13.7 (0.40)
WM 15.1 (0.58) 13.8 (0.43) 14.2 (0.09) 12.4 (0.10)*** 14.5 (0.59) 13.0 (0.76)
WW 12.8 (0.71) 12.7 (0.59) 13.7 (0.10) 11.6 (0.11)*** 14.0 (0.63) 12.1 (0.54)*
MUFA (% of energy)
BM 14.5 (0.37) 15.1 (0.44) 14.2 (0.09) 14.6 (0.13)** 14.3 (0.36) 15.1 (0.70)
BW 14.5 (0.39) 15.2 (0.51) 13.8 (0.08) 14.0 (0.12) 13.7 (0.42) 15.0 (0.56)
WM 13.9 (0.47) 14.1 (0.50) 13.8 (0.08) 13.2 (0.10)*** 12.5 (0.45) 12.9 (0.66)
WW 13.4 (0.84) 13.8 (0.80) 12.9 (0.08) 12.0 (0.10)*** 13.0 (0.47) 11.9 (0.49)
PUFA (% of energy)
BM 6.4 (0.28) 7.1 (0.37) 6.6 (0.07) 7.7 (0.10)*** 6.2 (0.30) 7.3 (0.32)*
BW 6.7 (0.32) 8.1 (0.44)** 6.9 (0.07) 7.8 (0.08)*** 6.7 (0.31) 7.5 (0.26)*
WM 6.3 (0.39) 7.3 (0.32)* 6.8 (0.06) 7.2 (0.08)*** 5.4 (0.32) 6.9 (0.51)*
WW 6.3 (0.43) 7.2 (0.57) 6.8 (0.06) 6.6 (0.07)* 7.3 (0.51) 7.2 (0.43)
Cholesterol (mg/1000 kcal; 4 MJ)
BM 190.8 (11.24) 175.9 (11.74) 183.0 (3.00) 142.5 (1.91)*** 192.6 (15.39) 141.7 (7.32)**
BW 196.7 (11.66) 140.6 (6.73)*** 166.2 (2.14) 130.2 (1.73)*** 141.7 (6.42) 146.2 (8.93)
WM 171.4 (8.98) 149.8 (9.06) 156.2 (1.80) 115.4 (1.35)*** 155.0 (8.62) 107.6 (6.05)***
WW 156.7 (14.74) 139.9 (16.50) 150.3 (1.83) 105.3 (1.20)*** 160.0 (15.76) 143.4 (16.29)
Total carbohydrates (% of energy)
BM 43.2 (0.88) 42.0 (1.05) 46.1 (0.28) 46.3 (0.32) 45.1 (1.15) 45.1 (1.65)
BW 46.6 (1.39) 45.1 (1.16) 48.3 (0.24) 49.2 (0.29)** 49.2 (0.92) 46.7 (1.27)
WM 43.1 (1.16) 45.6 (1.22) 44.9 (0.23) 48.5 (0.26)*** 46.9 (1.13) 48.1 (2.05)
WW 47.3 (2.40) 50.6 (2.13) 47.1 (0.23) 51.9 (0.25)*** 48.5 (1.17) 52.3 (1.40)
Starch (% of energy)
BM 19.1 (0.60) 19.9 (0.65) 18.8 (0.19) 19.9 (0.17)*** 19.5 (0.68) 20.0 (0.67)
BW 19.3 (0.81) 18.5 (0.66) 18.2 (0.15) 19.2 (0.15)*** 18.4 (0.76) 19.0 (0.59)
WM 16.8 (0.87) 19.2 (0.70)* 19.0 (0.17) 21.7 (0.17)*** 16.0 (1.04) 19.1 (0.84)*
WW 15.9 (1.32) 17.7 (0.96) 18.6 (0.16) 22.1 (0.16)*** 18.8 (0.87) 19.7 (0.91)
Sucrose (% of energy)
BM 6.5 (0.50) 6.6 (0.51) 7.9 (0.19) 7.2 (0.14)** 7.9 (0.92) 6.8 (0.56)
BW 10.2 (1.19) 7.6 (0.62) 9.3 (0.21) 8.3 (0.13)*** 9.2 (0.91) 7.9 (0.50)
WM 10.3 (1.48) 7.8 (0.77) 6.9 (0.16) 7.0 (0.12) 10.8 (1.73) 6.3 (0.66)*
WW 13.7 (2.84) 7.8 (0.92)* 6.7 (0.18) 7.8 (0.12)*** 8.8 (1.51) 8.5 (0.74)
Protein (% of energy)
BM 14.5 (0.40) 14.3 (0.39) 14.2 (0.10) 14.1 (0.10) 14.6 (0.38) 13.7 (0.32)
BW 14.0 (0.41) 13.5 (0.39) 14.1 (0.08) 13.9 (0.09) 13.4 (0.40) 14.1 (0.51)
WM 14.4 (0.41) 14.1 (0.45) 15.2 (0.08) 14.8 (0.08)*** 14.4 (0.46) 13.8 (0.57)
WW 14.2 (0.68) 13.7 (0.77) 15.4 (0.09) 15.1 (0.09)** 14.1 (0.61) 14.2 (0.42)
CARDIA – Coronary Artery Risk Development in Young Adults; BM – black men; BW – black women; WM – white men; WW – white women; SFA –
saturated fat; MUFA – monounsaturated fat; PUFA – polyunsaturated fat.
n from both examinations – baseline and year 7, education ,12 years: BM ¼ 55, BW ¼ 52, WM ¼ 27, WW ¼ 23; baseline and year 7, education $12
years: BM ¼ 608, BW ¼ 912, WM ¼ 911, WW ¼ 1004; baseline education ,12 years and year 7 education $12 years: BM ¼ 40, BW ¼ 42, WM ¼ 25,
WW ¼ 27.
*, P , 0.05; **, P , 0.01; ***, P , 0.001.
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(,12 years of education) (Table 2). More BM and WW
with less education rated taste as a very important
influence on their food choices. Cost was reported as an
important factor influencing food choices among those
with less education.
Discussion
Our most notable finding was a decrease in energy from
SFA and cholesterol (mg/1000 kcal) among those who had
$12 years of education at baseline and year 7. High
education was also associated with an increase in energy
from starch for each of the race–gender groups, indicating
that a reduction in energy from fat may be replaced with
energy from other nutrients. Although nutritional quality
was rated as an important factor for those with higher
levels of education in all race–gender groups, taste was
the most important factor influencing food choices for all
race–gender groups, regardless of education.
Various cross-sectional and longitudinal studies have
documented inverse associations between SES and intake
of energy, total fats, SFA, cholesterol and MUFA4,7,25. The
Atherosclerosis Risk in Communities study reported an
association between higher educational attainment and
healthier diets characterised by a lower percentage of
energy from SFA and cholesterol4. We also report a decline
in energy intake from SFA and cholesterol among the
higher educated young adults in the CARDIA study. We
believe that the CARDIA study has many unique points.
The longitudinal results permit us to examine changes
in both diet and education, and the cohort is composed of
community dwelling individuals and not a selected patient
sample or group of individuals on a special diet. Diet was
assessed using a very detailed interviewer-administered
diet history in a bi-ethnic cohort of black and white men
and women from different geographic regions. In
addition, the diet of a relatively young cohort (18–30
years old at baseline) was captured; this is when many
adults begin to live independently and have a greater
involvement in their dietary choices.
The reduction in energy from dietary SFA and
cholesterol among those with higher education at both
examinations may also reflect the impact of public health
efforts for prevention of cardiovascular disease. One of the
key recommendations of the Expert Panel of Population
Strategies for Blood Cholesterol Reduction was to
decrease average cholesterol levels through population-
wide adoption of eating patterns low in SFA and
cholesterol26. In CARDIA there was an overall decrease
in SFA and cholesterol intakes. However, it appears that
these changes were made by young adults with a higher
education, since it was these participants who had greater
decreases longitudinally in SFA and cholesterol. Among
those with lower education at baseline and year 7, there
were no significant decreases in intakes of energy from fat,
SFA and, for three of the race–gender groups, cholesterol.
Nusbaum reported that the fewer healthy changes in diet
of those with low incomes may translate to the fact that
those who have greater access to ‘evolving nutritional
recommendations’ may also be those who have the
disposable income to use at the grocery store to follow
advice on dietary changes27. It is possible that participants
in the CARDIA study with higher education, who had
greater decreases in dietary cholesterol and saturated fat
intakes, may also be those who have greater access to
nutrition- and health-related messages as well as resources
to make the healthy lifestyle changes. As an indicator of
SES, these results are consistent with the assertion that the
better off are more likely or able to adopt healthy lifestyles.
Although the association between education and a
decrease in dietary fat intake was significant for many
race–gender groups in the CARDIA study, the biological
significance of these differences is not entirely clear.
Results from the Nurses’ Health Study showed that each
increase of 5% in energy intake from saturated fat was
associated with a 17% increase in the risk of coronary
disease28. The Seven Countries study also reported that
death rates in 15 cohorts were related positively to average
percentage of dietary energy from SFA intake29. It may be
that the additive effect of small changes over a long period
of time may influence health. These results suggest that
public health efforts are needed that help to improve the
ability of those with less resources to make heart-healthy
lifestyle choices.
Kumanyika reported that not all dietary trends in the
USA since the 1980s have been healthy, possibly due
Table 2 Percentage of participants rating factors most important
in influencing food choice at CARDIA year 7 examination, by
years of education




, 12 (n ¼ 55) 18 56 18 2 4
12 (n ¼ 215) 15 60 15 7 1
13–15 (n ¼ 258) 11 57 20 9 2
. 16 (n ¼ 175) 10 52 25 10 2
Black women
, 12 (n ¼ 52) 27 50 17 4 0
12 (n ¼ 270) 20 53 20 6 1
13–15 (n ¼ 217) 15 50 22 10 1
. 16 (n ¼ 257) 11 50 26 11 2
White men
, 12 (n ¼ 27) 11 59 7 19 0
12 (n ¼ 160) 13 61 21 4 1
13–15 (n ¼ 239) 8 59 18 11 2
. 16 (n ¼ 537) 5 58 24 12 1
White women
, 12 (n ¼ 23) 22 61 13 0 4
12 (n ¼ 181) 13 50 27 10 1
13–15 (n ¼ 223) 10 51 28 10 0
. 16 (n ¼ 627) 3 48 35 9 3
CARDIA – Coronary Artery Risk Development in Young Adults.
Only those who ranked factors influencing nutrition as 1, i.e. most
important, are shown.
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to an increase in eating outside the home and the use of
packaged foods during the last half century; these factors
may result in eating less healthy foods30. In CARDIA, we
found that among those with high education at both
examinations there was an increase in energy from starch
for each of the race–gender groups. This may be due to
the popularity of foods that are high in carbohydrate
content and low in fat. Therefore, educated consumers
may believe that they are eating a product low in fat and
cholesterol, unaware of the increased caloric content.
There are several issues that are related to this ‘trade-off’
phenomenon. First is the issue of how we balance our
diet. The US Department of Agriculture reported that at
least 80% of people interviewed in a survey made a ‘trade-
off’ in their diet and that this was more likely to occur
among those with more education31. Second, the issue of
‘trade-offs’ is related to the overall pattern of limiting
dietary fat intake. In 1990, the Dietary Guidelines set for
the first time a numerical value recommending the
consumption of 30% or less of energy from dietary fat.
From 1965 to 1990, both men and women in the USA
reduced their fat consumption. However, between 1990
and 1995, although fat consumption remained unchanged
or increased slightly, the overall total caloric intake
increased significantly. Most of this increase in calories is
attributed to an increase in carbohydrate consumption
from grain products and the consumption of beverages
such as colas32. It is possible that the public health
messages to decrease SFA and dietary cholesterol are
being received among certain segments of the population
but that these nutrients may be substituted with other
nutrients that increase overall caloric intake and therefore
also increase body mass index. Therefore, the success of
educational efforts may be beneficial in changing some
aspects of the diet but not necessarily in providing a
beneficial change in overall eating behaviour.
We observed few statistically significant changes in
dietary intake among those with less education. Since
sample sizes were small for those with less education, the
lack of association may be due to inadequate sample size
and power to detect associations. Other potential factors
influencing dietary reporting by education may include
differences in the ability to recall foods consumed over a
given time period or the ability to quantify amounts of
food eaten. Various other factors can also influence dietary
reporting, including SES, social desirability and gen-
der33,34. Our results are similar to those of the Women’s
Health Initiative, which reported that African-American
and Hispanic women with low SES reported significantly
fewer low-fat dietary practices35. Another limitation with
dietary data collection lies in the precision of a dietary
assessment tool to measure changes in dietary intake over
time. In CARDIA, tracking of dietary factors over a 7-year
period showed that more than 60% of individuals in the
lowest quintile of absolute intake at baseline remained in
the lowest or second-lowest quintile for most nutrients
at year 7, indicating that the relative ranking of individuals
was maintained over time36. The authors of the study
concluded that the CARDIA Diet History was adequate for
measuring broad differences in dietary intake groups
among young adults of different ethnicity. Most prospec-
tive cohort studies have mailed participants list-based
methods to capture specific nutrients of interest. However,
various studies report response rates as low as 18.6% and
often these tools are returned by the participants with
sizeable proportions of missing and/or uninterpretable
responses37,38. Pereira et al. reported that the CARDIA Diet
History tool is comprehensive and captures habitual
dietary intake without influencing recall error. Because it is
interviewer-administered there is no burden on the
participant due to literacy issues, and thus it is appropriate
for populations from different socio-economic and racial
groups39.
Education was also related to food choice priorities.
Results from our study show that taste was the most
important factor influencing food choices, although
nutritional quality became more important with increasing
education among all race–gender groups. Fewer people
with a limited education reported nutritional quality as the
most important factor influencing food choices than did
those with a higher level of education.
In summary, results from our study indicate that some
significant beneficial dietary changes may have occurred
particularly among those young adults who have higher
education. The education differential we observed in some
of the dietary behaviours suggests that inequalities in the
development of risk factors may emerge early in life40–42.
Although national public health campaigns may have an
impact in lowering saturated fat and cholesterol in the
American diet, these messages seem to be adopted more
by those with a higher education. Therefore traditional
messages are either not reaching, or are not effective for,
the most vulnerable groups (i.e. those with a low level of
education) who also have the most barriers to adopting
healthier lifestyles. To narrow these inequalities, nutrition
education programmes should be targeted with more
emphasis at those with low educational levels during
young adulthood in an attempt to improve dietary intake
and thereby reduce risk for chronic diseases. More
research is needed on policy and environmental
approaches that support the ability of individuals to
make healthy dietary choices.
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